T and A-51s) were isolated from brackish steppe soda lakes of southern Siberia. Genetically, the isolates were related most closely to the type strains of Rhodovulum steppense and Rhodovulum strictum, from which they differed at the species level (98.5 % 16S rRNA gene sequence similarity, 40-53 % DNA-DNA relatedness). Cells of the two strains were ovoid to rod-shaped, 0.4-0.8 mm wide and 1.0-2.5 mm long, and motile by means of a polar flagellum. They contained internal photosynthetic membranes of vesicular type and photosynthetic pigments (bacteriochlorophyll a and carotenoids of the spheroidene series). The strains were obligate haloalkaliphiles, growing over wide ranges of salinity (0.3-10.0 % NaCl) and pH (7.5-10.0), with growth optima at 1.0-3.0 % NaCl and pH 8.5-9.0. Photoheterotrophic and chemoheterotrophic growth occurred with a number of organic compounds and biotin, p-aminobenzoate, thiamine and niacin as growth factors. No anaerobic respiration on nitrite, nitrate or fumarate and no fermentation were demonstrated. The strains grew photolithoautotrophically and chemolithoautotrophically with sulfide, sulfur and thiosulfate, oxidizing them to sulfate. Sulfide was oxidized via deposition of extracellular elemental sulfur. No growth with H 2 as the electron donor was observed. The major fatty acid was C 18 : 1 (78 %). The major quinone was ubiquinone Q-10. The DNA G+C content of strain A-36s T was 65.4 mol% (T m ). According to genotypic and phenotypic characteristics, the investigated strains were assigned to a novel species of the genus Rhodovulum, for which the name Rhodovulum tesquicola sp. nov. is proposed. The type strain is A-36s
In the cryoarid zone of Central Asia, small shallow brackish soda lakes are abundant. Specific features of these lakes distinguishing them from better investigated saline and hypersaline alkaline water bodies are their lower mineralization, smaller salt reserves and highly unstable hydrochemical regime (Kompantseva et al., 2005 (Kompantseva et al., , 2007 . We previously showed that weakly mineralized soda lakes represent a particular type of habitat that has specific autochthonous microbial communities; this habitat differs both from highly mineralized soda lakes and from shallow saline water bodies of thalassic origin (Kompantseva et al., 2007) . The specificity of these lakes is also demonstrated by the abundance of novel forms of anoxygenic phototrophic bacteria that have not previously been found in other ecosystems (Kompantseva et al., 2007 (Kompantseva et al., , 2010 . The present article describes a novel species of purple non-sulfur bacterium inhabiting brackish soda lakes of southern Siberia.
During investigation of the steppe soda lakes of the cryoarid zone of Central Asia, many strains of purple non-sulfur bacteria were isolated and phylogenetic analysis was performed (Kompantseva et al., 2009) . According to 16S rRNA gene sequencing results, the isolates formed two clusters within the genus Rhodovulum. The majority of the strains formed one cluster, which was described as a novel species, Rhodovulum steppense (Kompantseva et al., 2010) . The other cluster comprised a single strain, A-36s T , isolated from Sul'fatnoe lake, Buryat Republic. An additional strain, designated A-51s, which was very closely related to strain A36s T (100 % 16S rRNA gene sequence similarity), was isolated from Nizhnii Mukei lake, Zabaikal'skii Krai. The two strains shared 98.5 % 16S rRNA gene sequence similarity T and A-51s belonged to a single species (97 % relatedness) and differed from R. steppense A-20s T and R. strictum JCM 9220 T at the species level (50-53 % and 40-48 %, respectively). The two isolates had a number of phenotypic characteristics that differentiated them from Rhodovulum species. On this basis, we consider that they should be classified as representatives of a novel species of the genus Rhodovulum.
The two strains of purple non-sulfur bacteria studied here were isolated from steppe soda lakes of southern Siberia (Russia). Strain A-36s
T was isolated from lake Sul'fatnoe, Buryat Republic (51 u 219 750 N 106 u 349 640 E) and strain A51s was from lake Nizhnii Mukei, Zabaikal'skii Krai (49 u 589 120 N 115 u 179 380 E). The characteristics of the habitats and the methods used for isolation of these phototrophic bacteria have been described previously (Kompantseva et al., 2007 (Kompantseva et al., , 2009 ).
Cultivation of bacteria was performed using medium of the following composition (per litre distilled water): 0.33 g Na 2 SO 4 , 0.33 g KCl, 0.33 g NH 4 Cl, 0.33 g KH 2 PO 4 , 0.33 g MgCl 2 . 6H 2 O, 10 g NaCl, 5 g NaHCO 3 , 0.3 g Na 2 S . 9H 2 O, 1 g sodium acetate or sodium propionate, 0.1 g yeast extract and 1 ml trace element solution (Pfennig & Lippert, 1966) . pH was adjusted to 8.5-9.0. The cultures were incubated in screw-capped bottles in a luminostat at 25-30 u C and a light intensity of 30 mmol m 22 s
21
.
Cell morphology was studied by phase-contrast light (Olympus BX-41) and electron (JEM-100C; JEOL) microscopy. Intact cells were stained with 2 % uranyl acetate. Ultrathin sections were prepared by standard methods (Ryter et al., 1958) . Absorption spectra of living cells and acetone extracts were recorded with an SPh-40 spectrophotometer (LOMO). The optical density of the cultures was measured with a KFK-3 photometer at 650 nm.
All physiological tests were performed in triplicate. Utilization of organic and inorganic compounds was determined by using the basal mineral medium with yeast extract (0.1 g l
)
. The compounds to be tested were added as neutralized, filter-sterilized solutions at concentrations of 0.25-0.50 g l
. Utilization of sulfur compounds as electron donors and their oxidation products were studied in batch cultures of the bacteria. Tests for photoautotrophic growth with hydrogen were performed in 35 ml screw-capped bottles with 20 ml medium under a gas phase of H 2 /CO 2 (80 : 20, v/v). For fatty acid and polar lipid analyses, the bacteria were grown under photoheterotrophic conditions on standard medium with 1 g sodium acetate l 21 at 30 u C and a light intensity of 30 mmol m 22 s 21 and harvested in the late exponential growth phase. After acid methanolysis of lyophilized biomass (Beloborodova & Osipov, 2000) , the fatty acid methyl esters were analysed on an Agilent Technologies AT-5850/5973 GC-MS system with a crosslinked methyl silicone capillary column HP-5ms. Each substance was confirmed by its mass spectrum and NIST mass spectral database library search (search program was provided and updated by equipment supplier). The standard programs of the device were used to control and process the data. Polar lipids were extracted and analysed by twodimensional TLC according to Tindall (1990) and Minnikin et al. (1979) on high-performance 1006100 mm plates (Sorbfil). For general detection of lipids, molybdophosphoric acid with consequent charring was used. Specific spray reagents for lipid phosphates (Vaskovsky & Kostetsky, 1968) , free amino groups (ninhydrin in acetic acid/butanol), glycolipids (a-naphthol with consequent charring), phosphatidylcholine (Dragendorff's reagent) and sulfolipids (Azure A; Sprott et al., 2003) were used. Polar lipids of R. euryhalinum KA-65
T and lecithin (Carl Roth; containing phosphatidylethanolamine and phosphatidylcholine) were used for comparison. Quinones were extracted from freezedried cells with methyl chloride/methanol (2 : 1) and analysed by reversed-phase HPLC. Antibiotic sensitivity was tested by using the disc diffusion method. DNA G+C content was determined by the thermal denaturation method as described by Owen & Lapage (1976) .
The strains under study were isolated from shallow-water brackish steppe soda lakes with a salinity of about 8 g l 21 , pH of 9.2-9.5 and total alkalinity of 20-80 mM (Kompantseva et al., 2007 (Kompantseva et al., , 2009 ). The two isolates were very similar to each other. Phenotypically, they shared characteristics of the genus Rhodovulum (Imhoff, 2005) , but differed from all recognized species of the genus. They differed from R. sulfidophilum (Hansen & Veldkamp, 1973 ) based on alkaliphily, flagellation mode, sulfide oxidation products and inability to use H 2 as a hydrogen donor. Differences between strain A-36s T and its closest phylogenetic relatives, namely R. steppense and R. strictum, are given in Table 1 .
The two novel strains shared a number of morphological properties. In natural samples and during culture isolation, cells were thin elongated rods (0.3-0.5 mm wide and 1.2-2.5 mm long), which after a series of passages became shorter and thicker (0.4-0.8 mm wide and 1.0-2.0 mm long). Cell morphology (Fig. S1 available in IJSEM Online) varied depending on pH, salinity, degree of anaerobiosis and substrate used (Kompantseva et al., 2009) . The bacteria were motile by means of a single polar flagellum (Fig. S2a) and multiplied by binary fission. Motility was most noticeable in media containing propionate or butyrate.
Ultrathin sections of cells of strain A-36s
T showed a Gramnegative type of cell wall. The internal photosynthetic membranes formed multiple vesicles (Fig. S2b) .
Anaerobically grown cultures were yellow to brown; in the presence of oxygen, they turned red. This change in colour is due to the oxidation of spheroidene to spheroidenone. According to in vivo and acetone extract absorption spectra (Fig. S3) , the photosynthetic pigments of strain A-36s T were bacteriochlorophyll a and carotenoids of the spheroidene series.
The two novel strains were obligate haloalkaliphiles that were able to grow over wide ranges of salinity (0.3-10.0 %, w/v, NaCl) and pH (7.5-10.0), as with R. steppense, but in with proline, threonine and maltose. All are sensitive to tetracycline and resistant to amikacin, ampicillin, chlortetracycline, bacitracin, vancomycin, gentamicin, nystatin, novobiocin, penicillin and rifampicin. Kompantseva et al. (2009). contrast to R. strictum, for which narrow ranges of salinity and pH are distinguishing features (Hiraishi & Ueda, 1995) . The highest growth rate of the isolates was observed at a salinity of 1.0-3.0 % NaCl and pH 8.5-9.0. They did not grow on freshwater media and/or at pH 7. The temperature optimum was 25-35 u C.
The isolates grew anaerobically in the light (photoheterotrophically) or aerobically in the dark (chemoheterotrophically). A wide range of organic compounds were utilized (Table 1 and species description below). Growth was best with fatty acids (propionate, butyrate, valerate) . Neither anaerobic respiration with nitrite, nitrate or fumarate as the terminal electron acceptor nor fermentation with pyruvate, glucose or fructose was observed. The isolates were able to grow photolithoautotrophically with sulfide, sulfur and thiosulfate, oxidizing them to sulfate. Sulfide as the electron donor was oxidized via deposition of extracellular elemental sulfur (Fig.  S4a) . The isolates could not use hydrogen as an electron donor, as with R. steppense, but in contrast to R. strictum JCM 9220 T (Kompantseva et al., 2010) . Strains A-36s T and A-51s, as well as R. steppense and R. strictum JCM 9220 T (Kompantseva et al., 2010) , were able to grow chemolithoautotrophically with sulfide and thiosulfate. Ammonia was used as the nitrogen source. Sulfate, thiosulfate, elemental sulfur and cysteine were used as the sulfur source. Four vitamins (biotin, p-aminobenzoate, thiamine and niacin) or yeast extract (0.05-0.10 g l 21 ) were required as growth factors.
Anaerobically in the light in the presence of organic compounds, strain A-36s
T reduced selenite and tellurite (at initial concentrations of up to 10 mM) to elemental selenium and tellurium, respectively (Fig. S4b) .
The chemotaxonomic characteristics of strain A-36s
T are given in the species description below and Fig. S5 provides a one-dimensional TLC of the polar lipids in comparison with those of R. euryhalinum KA-65 T . Straight-chain saturated and monounsaturated fatty acids are present: C 18 : 1 (78.3 %), C 18 : 0 (8.7 %), C 16 : 0 (4.8 %), C 16 : 1 (3.4 %) and 11-methyl C 18 : 1 (3.3 %).
The phenotypic and genotypic characteristics described above allow us to assign strains A-36s
T and A-51s to a novel species of the genus Rhodovulum, for which the name Rhodovulum tesquicola sp. nov. is proposed.
